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(54) Temperature dependent variable optical attenuator 



(57) A variable optical attenuator and an optical 
power level adjusting method used tfiis variable optical 
attenuator, which has high reliability and a wide 
dynamic range, are provided. The variable optical atten- 
uator consists of an optical filter and a temperature con- 
trol circuit. And the optical filter provides a dielectric 
multi-layer film and an optical isolator The dielectric 
multi-layer film changes its transmitting characteristic of 
light by the change of temperature. The optical isolator 
absoriDs or removes returned light reflected from the 
dielectric multi-layer film. The temperature control circuit 



controls the temperatijre of the dielectric multi-layer film. 
The variable optical attenuator controls the transmitting 
characteristic of light of the dielectric multi-layer film by 
using the temperature control circuit. And the variable 
optical attenuator adjusts the power level of the optical 
signal of each wavelength transmitting t)etween the 
WDM communication systems to a desiring level at the 
attenuating region in which the transmitting amount of 
the dielectric multi-layer film becomes small gradually. 
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Description 

[0001] The present Invention relates to a variable 
optical attenuator and an optical power level adjusting 
method used this attenuator, in particular, which are 5 
used at an optical add-drop multiplexing (ADM) 
repeater site in an optical wavelength division multiplex- 
ing (WDM) communication system. 
[0002] At an optical WDM communication system, 
when power level differences occur among optical sig- 
nals to be multiplexed, these differences become a 
cause to deteriorate the quality of the optical signals, as 
a result, it is necessary to adjust power levels of the opti- 
cal signals. Therefore, a variable optical attenuator is 
used as a means for adjusting the power levels of opti- 
cal signals inputted to an optical signal receiving circuit 
at the optical communication system. As conventional 
variable optical attenuators, several methods are used 
to adjust the power levels of the inputted optical signals, 
such as a mechanical power level adjusting method 
which adjusts an attenuating amount of each optical sig- 
nal, and a method which adjusts refractive indexes by 
using an electro-optical effect or a therm o-optical effect. 
[0003] Fig. 1 is a diagram showing a structure of a 
conventional variable optical attenuator used a mechan- 
ical method. This variable optical attenuator 27 shows a 
method that adjusts an attenuating amount of each opti- 
cal signal by using a mechanical method. Referring to 
Rg. 1. this method is explained. In this method, an opti- 
cal attenuation film 16, wNch is an adjusting means for 
adjusting optical power levels and is made so that an 
attenuating amount changes continuously, is moved by 
a mechanical movement. And an optical signal, which is 
made to be a parallel beam by emitting to space from an 
optical fiber 15, is inputted to a designated position of 
the optical attenuation film 16. With this movement, the 
attenuating amount of the optica! signal Is adjusted. 
This method is used at the case that the size of device 
has not any limit as a simple and convenient method. 
[0004] And Japanese Patent Application Laid-Open 
No. HEI 6-186513 discloses a variable optical attenua- 
tor. This variable optical attenuator uses an electro-opti- 
cal effiecl without using a mechanical movement. In this 
method, a waveguide having plural curving parts is 
formed on a substrate having an electro-optical effect 
and an electric field is applied to electrodes positioned 
at the outside of the curving parts of the waveguide. 
With this operation, refractive indexes of tiie curving 
parts of the waveguide are controlled, and an optical 
power level emitted from the waveguide is adjusted. As 
a result, the attenuating amount of the optical signal is 
adjusted. 

[0005] Fig. 2 is a diagram showing a structure of a 
conventional variable optical attenuator used a thermo- 
optical effect. As shown in Fig. 2, at this method, a 
Mach-Zehnder interferometer structure and a thermo- 
optical phase shifter 19 are formed on a silicon sub- 
strate 17. In this method, an optical signal inputted to a 



3dB directional coupler 18 is split into two optical sig- 
nals, and the split optical signals are attenuated to des- 
ignated values by using the thermooptical effect of the 
thermo-optical phase shifter 19. After this, these optical 
signals are combined again and outputted as an output 
optical signal. 

[0006] However, at the variable optical attenuator 
27 using the optical attenuation film 16 shown in Fig. 1. 
the optical attenuation film 16 Is moved by a mechanical 
movement, and an optical signal, which is inputted from 
the optical fiber 15, is inputted to a designated position 
of the optical attenuation film 16. Therefore, there is a 
problem that the whole size of the variable optical atten- 
uator 27 can not be made small, and high movement 
reliability can not be obtained, because the attenuating 
amount Is controlled by the mecfianical movement. 
[0007] And at the variattle optical attenuator 37 
used the Mach-Zehnder interferometer structure shown 
in Fig. 2. the change of the refractive index of the 
thermo-optical phase shifter 19 is not so large by the 
change of temperature. Therefore, there is a problem 
that a dynamic range of the attenuating amount of the 
optical signal can not t>e made to wide. 
[0008] It Is therefore an object of the present inven- 
tion to provide a variable optical attenuator and an opti- 
cal add-drop multiplexing (ADM) repeater site used this 
variable optical attenuator and an optical power level 
adjusting method used this variat)le optical attenuator, 
whose reliability is high and dynamic range is wide. 
[0009] According to a first aspect of the present 
invention, for achieving the object mentioned above, 
there is provided a variable optical attenuator. The vari- 
able optical attenuator provides an optical filter, which 
has a transmitting characteristic that has a transmitting 
region for transmitting light having designated wave- 
lengths and attenuating regions in which the transmit- 
ting amount of tiie light tjecomes small gradually at the 
long wavelengtfi side and the short wavelength side of 
said transmitting region, in which said transmitting char- 
acteristic changes by the change of temperature, and a 
temperature control means for controlling said tempera- 
ture of said optical filter. And by setting said temperature 
of said optical filter so that a wavelength of an optical 
signal inputting to said optical filter is within either wave- 
length range of said attenuating regions of said optical 
filter, said optical signal transmitting through said optical 
filter Is attenuated to a desiring optical power level. 
[0010] According to a second aspect of the present 
invention, a variable optical attenuator provides an opti- 
cal filter, which has a transmitting characteristic that has 
a transmitting region for transmitting light having desig- 
nated wavelengths and attenuating regions in which the 
transmitting amount of the light becomes small gradu- 
ally at the long wavelength side and the short wave- 
lengtii side of said transmitting region, in which said 
transmitting characteristic changes by the change of 
temperature, an optical isolator provided between an 
optical fiber to which an optical signal is inputted and 
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said optical filter, and a temperature control means for 
controlling said temperature of said optical filler. And by 
setting said temperature of said optical filter so that a 
wavelength of an optical signal inputting to said optical 
filter is within either wavelength range of said attenuat- 5 
ing regions of said optical filter, sad optical signal trans- 
mitting through said optical filter is attenuated to a 
desiring optical power level, and returned light reflected 
from said optical filter is absorbed or removed at said 
optical isolator 

[001 1] According to a third aspect of present inven- 
tbn. said optical filter is disposed at an almost perpen- 
dicular face for the inputting direction of said optical 
signal. 

[0012] According to a fourth aspect of the present is 
invention, said optical filter includes a dielectric multi- 
layer film. 

[0013] According to a fifth aspect of the present 
invention, said dieiecric multi-layer film is made of mate- 
rials in which said transmitting region and said attenuat- 20 
ing regions are shifted to the long wavelength side or 
the short wavelength side when the temperature is 
changed. 

[0014] According to a sixth aspect of the present 
invention, an optical add-drop multiplexing (ADM) 25 
repeater site provides a plurality of said variable optical 
attenuators defined in the first and second aspect, for a 
plurality of optical signals transmitting between wave- 
length division multiplexing (WDM) communication sys- 
tems respectively and optical power levels of said 3o 
plurality of optical signals are adjusted to almost equal 
to a designated value by said variable optical attenua- 
tors. 

[001 5] According to a seventh aspect of the present 
invention, an optical power level adjusting method used 35 
a variable optical attenuator which provides an optical 
filter, which has a transmitting characteristic that has a 
transmitting region for transmitting light having desig- 
nated wavelengths and attenuating regions in which the 
transmitting amount of light becomes small gradually at 40 
the long wavelength side and the short wavelength side 
of said transmitting region, in which said transmitting 
characteristic changes by the change of temperature, 
provides the steps of; setting said optical filter to a des- 
ignated temperature, attenuating an optical power level 45 
of an optical signal inputting to said optical filter by using 
either of said attenuating regions of said optical fitter to 
a designated value, and adjusting said optical power 
level of said optical signal. 

[0016] According to a eighth aspect of the present so 
invention, in the seventh aspect, said optical filter 
includes a dielectric multi-layer film . 
[0017] According to a ninth aspect of the present 
invention, in the eighth aspect, said dielectric multi-layer 
film is made of materials in which said transmitting 55 
region and said attenuating regions are shifted to the 
long wavelength side or the short wavelength side when 
the temperature Is changed. 



[0018] The objects and features of the present 
invention will t)ecome more apparent from the consider- 
ation of the following detailed description taken in con- 
junction with the accompanying drawings in which: 

Fig. 1 is a diagram showing a structure of a conven- 
tional variable optical attenuator used a mechanical 
method; 

Fig. 2 is a diagram showing a structure of a conven- 
tional variable optical attenuator used a thermo- 
optical effect; 

Fig. 3 is a block diagram showing a structure of a 
variable optical attenuator of an embodiment of the 

present invention; 

Fig. 4 is a block diagram showing an optical ADM 
repeater site using the variable optical attenuators 
of the present invention; and 
Fig. 5 is a graph showing a relation between a 
transmitting characteristic of a dielectric multi-layer 
film and an attenuating amount of an optical signal. 

[001 9] Refemng now to the drawings, em bodiments 
of the present invention is explained in detail. Fig. 3 is a 
t}lock diagram showing a stmcture of a variable optical 
attenuator of the embodiment of the present inventfon. 
As shovm in Fig. 3, ttie variable optical attenuator 7 con- 
sists of an optical fitter 1 1 and a temperature control cir- 
cuit 12. And the optical filter 11 provides a dielecbic 
multi-layer film 13 and an optical isolator 14. The trans- 
mitting characteristic of light is changed by the change 
of temperature of the dielectric multi-layer film 13. The 
optical isolator 14 absorbs or removes returned light 
reflected ft-om the dielectric multi-layer film 13. The tem- 
perature control circuit 12 controls the temperatijre of 
the dielectric multi-layer film 13. The variable optical 
attenuator 7 controls the transmitting characteristic of 
light of tiie dielectric multi-layer film 13 by using the tem- 
perature control circuit 12. And the variable optical 
attenuator 7 adjusts the power level of the optical signal 
of each wavelength transmitting between the WDM 
communication systems to a desiring level at attenuat- 
ing regfons in which the tiBnsmitting amount of the die- 
lectric multi-layer film 13 becomes small gradually 
[0020] At tine embodiment shown in Fig. 3. it is 
explained that tiie optical filter 1 1 provides the dielectric 
multi-layer film 13 and the optical isolator 14. However, 
it is possible tiiat ttie optical isolator 14 is disposed 
atone and the optical filter 1 1 includes only the dielectric 
multi-layer film 13 as another embodiment. 
[0021] Referring to Figs. 4 and 5, the embodiment 
of the present invention is explained in more detail. Fig. 
4 is a block diagram showing an optical ADM repeater 
site used ttie variable optical attenuators of the present 
invention. And Fig. 5 is a graph shewing a relation 
between the transmitting characteristic of the dielectric 
multi-layer film and ttie attenuating amount of the optical 
signal. 

[0022] Refemng to Fig. 4, tiie optical ADM repeater 
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site used the variable optical attenuators of the present 
invention is explained. The optical ADM repeater site 
consists of an optical de-multiplexer 1 , optical switches 
2, an optical transmitter 3. an optical receiver 4, an opti- 
cal amplifier 5, variable optical attenuators 7, optical 5 
power level monitor circuits 8, an optical multiplexer 9, 
and an optical amplifier 10. An optical signal transmitted 
through an optical fiber at an optical b^nsmission line 6 
is amplified at the optical amplifier 5 and the amplified 
optical signal is inputted to the optical de-multiplexer 1 . 
The optica! de-multiplexer 1 has a function that splits a 
WDM signal into each wavelength. As the optical de- 
multiplexer 1, a device composed of an optical coupler 
and an optical filter, or an optical fiber grating, or an 
array waveguide grating (AWG) is used. In this embodi- 
ment, ttie AWG is used as the optical de-multiplexer 1. 
[0023] The optical signals split into each wave- 
lengtti at tiie optical de-multiplexer 1 are inputted to the 
optical switches 2. The optical switches 2 switches 
routes of the split optical signals whether the split optical 
signals are inputted to the optical receiver 4 or are input- 
ted to the variable optical attenuators 7 where the split 
optical signals are attenuated. At ttiis time, there is a 
case that new optical signals are added to ttie optical 
switches 2 from the optical tiansmitter 3 at tfie same 
time. Generally, deviation occurs In optical power levels 
of the optical signals passing through the optical 
switches 2 and the optical signals newly added from 
optical tiansmitter 3. TNs deviation is caused by a gain 
characteristic of Uie optical amplifier 5, a wavelength 
dependency of loss of the optical fiber at optical trans* 
mission line 6, and non- linearity of used devices. 
[0024] In order to decrease the deviation of these 
power levels, it becomes necessary to adjust the power 
levels of each optical signal by using the variable optical 
attenuators 7 and the optical power level monitor cir- 
cuits 8. The adjusting method of the optical power lev- 
els, which is a feature of tiie embodiment of tiie present 
invention, is explained in detail later. Each optical signal 
adjusted to a designated optical power level is multi- 
placed at the optical multiplexer 9 and the multiple^oed 
signal is amplified at the optical amplifier 10 and output- 
ted to a transmission line. 

[0025] Refening to Fig. 3, the variable optical atten- 
uator 7, which adjusts the inputted optical signal to a 
designated power level, is explained. As mentioned 
above, tiie variable optical attenuator 7 consists of the 
optical filter 11 and the temperature conti^ol circuit 12 
that controls the temperature of the optical filter 1 1 . And 
the optical filter 1 1 provides a filter being ttie dielectric 
multi-layer film 13 having a designated wavelengtti 
transmitting characteristic and Uie optical isolator 14. In 
ttiis, ttie optical isolator 14 can be disposed separately 
from the optical filter 1 1 , not included in ttie optical filter 
11. 

[0O26] The optical signal inputted to tiie optical filter 
11 is inputted to the dielectric multi-layer film 13 via the 
optical isolator 14. In order to decrease a polarization 



depending loss generating at the time when this input- 
ted optical signal passes though the dielectric multi- 
layer film 1 3, ttie dielectric multi-layer film 1 3 is disposed 
almost perpendicular to the inputted optica] signal. The 
optical signal inputted almost perpendicular to the die- 
lecti-ic multi-layer film 13 reflects at ttie side face of ttie 
dielectric multi-layer film 13. In order not to return the 
reflected light from ttie dielectric multi-layer film 13 to 
the optical fiber 15 of the input side, the optical isolator 
14 is provided. The light returned to ttie optical isolator 
14 reflected from the dielectric multi-layer film 13 is 
at>sort)ed or led to ttie outside at the optical isolator 14. 
[0027] Referring to Fig. 5. a mettiod attenuating the 
optical signal at ttie dielectric multi-layer film 13 is 
explained. In Fig. 5, the wavelengtti is shown in the hor- 
izontal axis, and tiie transmitting rate, that is, ttie atten- 
uating amount is shown in the vertical axis. For 
example, at ttie embodiment of the present invention, 
the dielectric multi-layer film 13 has a b^nsmitting 
region (minimum loss region) though which light whose 
center wavelengtti is 1557.5 nm passes. And the dielec- 
tric multi-layer film 13 has regions where the transmit- 
ting amounts become gradually small at the short wave 
side (left side of ttie graph) and the long wave side (right 
side of ttie graph). 

[0028] In case ttiat the wavelengtti of ttie optical sig- 
nal is 1547.5 nm shown in an arrow mark of continuous 
line, the transmitting characteristic of the dielectric 
multi-layer film 13 is at the position where a few wave- 
lengtti is moved to ttie short wave side from the trans- 
mitting region (minimum loss region), therefore ttie 
optical signal is attenuated by about 8 dB. And in case 
that the wavelengtti of the optical signal is 1542.5 nm 
shown in an anrow mark of broken line, ttie optical signal 
is attenuated by atxxjt 20 dB. 
[0029] As explained above, by making the wave- 
lengtti of the optical signal position at the attenuating 
regions that reach to the maximum loss of the long wave 
side or the short wave side from the transmitting region 
(minimum loss region), the optical signal can be attenu- 
ated in a wide dynamic range. And the optical filter 1 1 
uses the dielectaic multi-layer film 13, therefore, when 
the temperature of ttie dielectiic multi-layer film 13 is 
changed, ttie transmitting region (minimum loss region) 
is shifted to ttie short wave side or ttie long wave side, 
with almost keeping the profile of the wavelength char- 
acteristic. 

[0030] By using this shift of ttie minimum toss 
region, the variable optical attenuator 7 can achieve Its 
attenuation. That is, the dielectric multi-layer film 13 
having the wavelength transmitting characteristic, in 
which ttie wavelengtti of ttie optical signal is in the atten- 
uating region, is provided beforehand at each of the var- 
iable optical attenuators 7. And refening to ttie 
information from ttie optical power level monitor circuit 
8, ttie temperature of ttie dielecti-ic multi-layer film 13 is 
made to change by using ttie temperature control cir- 
cuits 12. Witti ttiis operation, the transmitting character- 
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istic of the dielectric multi-layer film 13 is shifted to the 
horizonta! direction of Rg. 5. and the attenuating 
amount of the optical signal can be adjusted. 
[0031] Generally, in case that the dielectric multi- 
layer film 1 3 is used, the minimum loss peak wavelength 5 
becomes short conesponding to the rise of the temper- 
ature. And the transmitting characteristic shifts to the 
short wavelength side with keeping the profile almost 
the same, this means that the attenuating region of the 
optical signal is relatively shifted to the long wavelength 
side. On the contrary, in case that the transmitting char- 
acteristic shifts to the long wavelength side, the attenu- 
ating region of the optical signal is relatively shifted to 
the short wavelength side. This shift is shown in Fig. 5, 
that is. the continuous line of the transmitting character- 
istic is shifted to the broken line of the transmitting char- 
acteristic. 

[0032] That is. in case that the wavelength of the 
optical signal is 1547.5 nm, when the transmitting char- 
acteristic shifts to the right side broken line, the attenu- 
ating amount of the optical signal increases from atxxjt 
8 dB to about 20 dB. With this shift, the attenuating 
amount of the optical signal inputted to the optical filter 
1 1 can be adjusted to a desiring value. By applying this 
operation to the optical signals of each wavelength de- 
mutiplexed at the optical de-multiplexer 1. the optical 
power levels of each wavelength can be made to almost 
equivalent levels. 

[0033] As mentioned above, at the variable optical 
attenuator 7 of the emtxxliment of the present invention, 
the attenuating amount of the inputted optical signal is 
adjusted by utilizing either side of the attenuating 
regions of the dielectric multi-layer film 13. therefore, a 
wide dynamic range more than 30 dB can be achieved. 
And by shifting the transmitting characteristic of the die- 
lectric multi-layer film 13 by the change of the tempera- 
ture, the wavelength of the optical signal can be made to 
correspond to an arbitrary position of either side of the 
attenuating regions, with this, the attenuating amount of 
ttie optical signal can be easily adjusted. 
[0034] And the variable optical attenuator 7 at the 
embodiment of the present inventbn does not use a 
mechanical movement, and adjusts the attenuating 
amount of the optical signal by controlling the tempera- 
ture control circuit 12 electrically with refening to a sig- 
nal from the optical power level monitor circuit 8. 
Consequently, the deterioration of the reliability caused 
by mechanical movements can be avoided. 
[0035] As explained above, at the optical ADM 
repeater site using for the WDM communication sys- 
tem, the variable optical attenuator of the present inven- 
tion can adjust each optical power level of optical 
signals, which pass through optical switches and are 
added from the optical transmitter, inputted with differ- 
ent optical power levels, in high reliability, and can make 
each of the optical power levels almost equivalent to a 
designated optical power level in a wide dynamic range. 
[0036] Because, the variable optk:al attenuator of 



the present invention utilizes the attenuating region of 
the short wavelength side or the long wavelength side of 
the minimum loss region of the dielectric multi-layer film, 
and adjusts the attenuating amounts of the passing 
through optical signals and the added signals by shifting 
the attenuating region used the change of the tempera- 
ture. And the variable optical attenuator, without using a 
mechanical movement mechanism, adjusts the attenu- 
ating amounts of the optical signals by only an electric 
control by referring to the information, of the optical 
power levels of the optical signals passing through and 
newly added in the optical ADM repeater site, inputted 
from the optical power level monitor circuit. 
[0037] While the present invention has been 
described with reference to the particular illustrative 
embodiments, it is not to be restricted by those embod- 
iments but only by the appended claims. It is to be 
appreciated that those skilled in the art can change or 
modify the embodiments without departing from the 
scope and spirit of the present Invention. 

Claims 
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1. A variable optical attenuator, comprising: 

25 

an optical filter, which has a transmitting char- 
acteristic that has a transmitting region for 
transmitting light having designated wave- 
lengths and attenuating regions in which the 
30 transmitting amount of the light becomes small 

gradually at the long wavelength side and the 
short wavelength side of said transmitting 
region. In which said tiansmitting characteristic 
changes by the change of temperature; and 
35 a temperature control means for controlling 

said temperature of said optical filter, 
wherein: by setting said temperature of said 
optical filter so that a wavelengtii of an optical 
signal inputting to said optical filter is within 
40 eiUier wavelength range of said attenuating 

regions of said optbal filter, said optical signal 
transmitting through said optical filter is attenu- 
ated to a desiring optical power level. 

45 2. A variable optical attenuator, comprising: 

an optical filter, which has a transmitting char- 
acteristic that has a transmitting region for 
transmitting light having designated wave- 
50 lengths and attenuating regions in which the 

transmitting amount of the light t)ecomes small 
gradually at the long wavelength side and the 
short wavelength side of said transmitting 
region, in which said transmitting characteristic 
55 changes by the change of temperature; 

an optical Isolator provided between an optical 
fiber to which an optical signal is inputted and 
said optical filter; and 
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a temperature control means for controlling 
said temperature of said optical filter, 
wherein: by setting said temperature of said 
optical filter so that a wavelength of an optical 
signal inputting to said optical filter is within 5 
either wavelength range of said attenuating 
regions of said optica! filter, said optical signal 
transmitting through said optical filter Is attenu> 
ated to a desiring optical power level, and 
returned light reflected from said optical filter is 10 
absorbed or removed at said optical isolator. 

3. A variable optical attenuator in accordance with 
claim 1, or 2. wherein: 

said optical filter Is disposed at an almost perpen- is 
dicular face for the Inputting direction of said optical 
signal. 

4. A variable optical attenuator in accordance with 
daim 1 , 2, or 3, wherein: 20 
said optical filter includes a dielectric multi>layer 
film. 



signal inputting to said optical filter by using 

either of said attenuating regions of said optical 

filter to a designated value; and 

adjusting said optical power level of said optical 

signal. 

8. An optical power level adjusting method in accord- 
ance with claim 7 wherein: 

said optical filter includes a dielectric multi-layer 
film. 

9. An optical power level adjusting method in accord- 
ance with claim 8 wherein: 

said dielectric multi-layer film is made of materials 
in which said transmitting region and said attenuat- 
ing regions are shifted to the long wavelength side 
or the short wavelength side when the temperature 
is changed. 



5. A variable optical attenuator in accordance with 
claim 4, wherein: 25 
said dielectric multi-layer film is made of materials 

in which said transmitting region and said attenuat- 
ing regions are shifted to the tong wavelength side 
or the short wavelength side when the temperature 
is changed. 30 

6. An optical add-drop multiplexing (ADM) repeater 
site, comprising: 



a plurality of said variable optical attenuators 3S 
defined in claim 1 , 2, 3. 4 or 5, for a plurality of 
optical signals transmitting between wave- 
length division multiplexing (WDM) communi- 
cation systems respectively, 
wherein: optical power levels of said plurality of 40 
optical signals are adjusted to almost equal to a 
designated value by said variable optical atten- 
uators. 



7. An optical power level adjusting method used a var- 45 
iable optical attenuator which provides an optical fil- 
ter, which has a transmitting characteristic that has 
a transmitting region for transmitting light having 
designated wavelengths and attenuating regions in 
which the transmitting amount of light becomes so 
small gradually at the long wavelength side and the 
short wavelength side of said transmitting region, in 
which said transmitting characteristic changes by 
the change of temperature, comprising the steps of: 

55 

setting said optical filter to a designated tem- 
perature; 

attenuating an optical power level of an optical 
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